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The total energy and action, which is stored in the ux-tube between a static
quark-antiquark pair, can be compared with the potential of the pair with the help
of two low energy theorems. The ux-tube and the potential are calculated in the
framework of the model of the stochastic vacuum. Using the low energy theorems
we obtain consistency of the results and can predict the scale where the model
describes the non-perturbative gluon dynamics of QCD.
1 Introduction
The treatment of QCD processes involving large distances is very complicated,
because perturbation theory is not applicable. The model of the stochastic
vacuum (MSV) makes the crucial assumption that the complicated infra-red
measure of the functional integral in non-Abelian gauge theories can be ad-
equately approximated by a stochastic process with a converging cluster ex-
pansion [1]-[3]. This assumption already leads to a conning potential. In
order to make quantitative predictions one has to make an additional strong
simplication and assume the stochastic process to be a Gaussian one. For a
detailed description and applications of the MSV we refer to [3][4].
In this note we work with an Euclidean eld theory where the square of the
electric eld has the opposite sign of the same quantity in a Minkowski eld






















Here and in the following a sum over the N
2
C
  1 color components is under-
stood.
2 The low energy theorems
By dierentiating the expectation value of a Wilson-loop






































































V (R)  lim
T!1
 
log < W [L] >
T
(3)
and < : >
R
shall denote the expectation value in the presence of a static
quark-antiquark pair at distance R where the expectation value in absence of








































(). This is the low energy theorem for the action and the























For the case of a linear potential these are just two of the known low energy
theorems [6]. In lattice QCD these theorems are known as Michael's sum rules
[7], but there in the action sum rule scaling of V (R) with R was not taken into
account.
3 Consistency of the SU(3)-ux-tube with the low energy theorems
In ref.[8] we calculated the color-elds in the ux-tube between a static quark-



























as a function of the perpendicular distance x
?
from the loop L and of the
position along the quark-antiquark axis x
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R = 9a, a =0.35fm


















for dierent quark separations R. x
?
is the distance trans-
verse to the x
3












correlation length a of the gluon eld strengths, which is xed to a = 0:35 fm










= 0:57 at the largest qq distance. The comparison of the total energy
stored in the ux-tube with the potential in then shown in g.(2). For a linear









Figure 2: The total energy stored in the eld (dots) calculated with the energy sum rule (5)
as compared with the potential of a q-q-pair obtained by evaluation of the Wilson-loop in
the MSV [1][2] (solid line).












at the scale where 
s
= 0:57. Using the perturbative calculated
~
-function we





























which can be calculated in lattice gauge calculations.
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function calculated in dierent loop order.
The 3-loop results depends on the renor-







= 0:57 we tted the 3-loop coecient
to be 
2
= 6250, which agrees curiously
with some lattice results [9].









Figure 4: The ratio Q as a function of 
s
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